Introduction
Procellariiformes do not show a marked sexual dimorphism in plumage, excluding two Albatross (Diomedeidae) species, but their sexual size dimorphism is often reported where males are usually larger (Warham 1990, Marchant and Higgins 1990) . Stormpetrels (Hydrobatidae), however, exhibit the reversed sexual size dimorphism, which may facilitate a production of the proportionaly large egg to their body mass (Croxall 1995) . Female Leach's Storm-petrels (Oceanodroma leucorhoa) are slightly larger than males in the Atlantic ocean (Marchant and Higgins 1990) . The sexual size dimorphism of this species in the western Pacific, however, has not been reported. It is also unclear how extent the females of this species are larger than males. In this paper, we described the external measurement of the sexed breeding Leach's Storm-petrels at Daikoku Island, Hokkaido, Japan.
Study
Area and Methods
Between 15 May and 30 September 1995 at Daikoku Island (42°52'N,144°52'E), Akkeshi, Hokkaido, 61 breeding Leach's Storm-petrels were sacrificed under the permission to study physiology and energetics for another work. During pre-laying, incubating and chicks rearing periods, 10 (both members of five pairs), 26 and 25 parent birds, respectively, were captured by hands at nest burrows. After being kept in dark and quiet conditions at least for thirty minutes, they were bled and sacrificed under total anesthesia.
(maximum flattened chord) was measured to the nearest 1mm using stopped rules, and maximum tail length (the length between the uropygial gland and the tip of outer one rectrix), minimum tail length (the length between uropygial gland and tip of outer six rectrix), tarsus length, culmen and bill depth were measured to the nearest 0.05mm using vernier calipers according to Svensson (1984) .
To examine sexual differences in each morphological traits, Student's t-tests were conducted. We used a discriminant function analysis for sex determination with these six measurements. To simplify the function but in keeping with the high discriminant power, we performed the increasing stepwise discriminant analysis. To compare the extent of sexual size dimorphism among the species, the mean difference (MD) index (MD =200 (Xm-Xf)/(Xm+Xf) (%), where Xm was the mean of the character for males and Xf was the mean for females) was calculated; Greater MD index indicates larger sexual size dimorphism (Agnew and Kerry 1995).
Results and Discussion
Females were significantly larger than the males in wing length, maximum and minimum tail length (Table 1) , but no sexual difference was found in culmen, bill depth and tarsus length (Table 1) . Compared in each five pairs captured during pre-laying period, all females of these pairs had longer wings (160-164mm) than males (152-159 mm) with no overlap. In the stepwise discriminant analysis, wing length (WL) and minimum tail length (MITL) were selected as predictor variables for the best discriminant function; D=64.42-0.30 WL-0.25MITL (F(2,58)=9.94,p<0.001). The two variables contributed to the function significantly (WL; F(1 ,58) = 10.49, p < 0.01, MITL, F(1,58) =4.56, p<0.05). The storm-petrel was classified as male in the region D>0 and vice versa. The probability of discrimination of male specimens was 77.8% (28/ 36) and that of female ones was 80.0% (20/25). The power of discrimination is not large to sex all the birds. Therefore, it is hard to determine the sex of Leach's Storm-petrels based only on external measurements. Sexual distinct chatter call in addition to the external measurements would be helpful to discriminate sexes in the field (Taoka et al. 1989) . According to the literatures, females of storm-petrels have longer wing and tail but the degree of sexual dimorphism do not consistent among species. Sexual differences in the wing length as shown by MD index in Leach's Storm-petrels (-1.89, this study), Black-bellied Storm-petrels Fregetta tropica (-5.10, Beck and Brown 1971; -2.04, Murphy and Snyder 1952 ) and Wilson's Storm-petrels Oceanites oceanicus (-2.61, Copestake and Croxall 1985) are clear but those in Matsudaira's Storm-petrels Oceanodroma matsudairae (-0.37, Kuroda 1966) and White-bellied Storm-petrels F. grallaria (-0.64, Murphy and Snyder 1952) are not so obvious. As regional variation in body size has been reported in Storm-petrels (Murphy and Snyder 1952 , Beck and Brown 1971 , Ainley 1980 , Copestake and Croxall 1985 , Monteiro et al. 1996 , regional variation in the degree of sexual dimorphism is also a further subject for study.
